Proposed native ecosystem restoration program for Halape, Keauhou, and Apua Point: Hawaii Volcanoes National Park by Smith, Clifford W.
COOPERATIVE NATIONAL PARK RESOURCES STUDIES UNIT 
UNIVERSITY OF HAWAII AT MANOA 
Department of Botany 
Honolulu, Hawaii 96822 
(808) 948-8218 
Clifford W. Smith, Unit Director 
Associate Professor of Botany 
Technical Report 28 
PROPOSED NATIVE ECOSYSTEM RESTORATION PROGRAM 
FOR HALAPE, KEAUHOU, AND APUA POINT 
HAWAII VOLCANOES NATIONAL PARK 
Clifford W. Smith 
February 19 80 
UNIVERSITY OF HAWAII AT MANOA 
NATIONAL PARK SERVICE Contract No. CX 8000 8 0001 
ABSTRACT 
This resource management r e p o r t  i s  a  p r e s c r i p t i o n  for  
the  ecosystem r e s t o r a t i o n  program of the  c o a s t a l  lowland 
of Hawaii Volcanoes National Park between Apua Point and 
~ a l a p g .  The p r e s c r i p t i o n  emphasizes a  vegeta t ion  
community approach ra the r  than the c u r r e n t  in t roduct ion  
of indiv idual  spec ies  i n  widely s c a t t e r e d  l o c a l i t i e s .  
Seventy-two s p e c i e s  a r e  discussed i n  the  r e p o r t .  Eight 
spec ies  a r e  recommended f o r  in t roduct ion  by p lant ing  and 
ten  by broadcast  seeding . Three spec ies ,  whose 
c l a s s i f i c a t i o n  is confused, a r e  recommended fo r  p lant ing  
only a f t e r  t h e i r  taxonomy is  resolved and the spec ies  
appropb i a t e  for  the  a rea  concerned is i d e n t i f i e d .  
F i f t een  spec ies  should be e rad ica ted .  The remaining 36  
spec ies  r equ i re  no management ac t ion .  I t  i s  recommended 
t h a t  the  p lant ing  a reas  be monitored before and a f t e r  
p lant ing .  
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INTRODUC 
The Master Plan f o r  Hawaii Volcanoes National Park approved 
i n  November 1975 s t a t e s  t h a t  " t h e  purpose of Hawaii Volcanoes 
National Park i s  t o  conserve.. .endemic Hawaiian ecosystems. . .and 
inherent  scenic  va lues . . . for  t h e i r  s c i e n t i f i c  and h i s t o r i c  values 
with minimal impairment t o  the  resources." Among the resource 
management o b j e c t i v e s  i s  the  reestabl ishment  of " t h e  p a r k ' s  
endemic spec ies  i n t o  t h e i r  former ranges,  concentrat ing e f f o r t s  
on those spec ies  which a r e  i n  danger of e x t i n c t i o n ,  and those 
t h a t  a r e  key components of major na t ive  ecosystems.. . ." The 
Master Plan was approved a f t e r  publ ic  review. I n  order t o  
implement the  resources management o b j e c t i v e s  of the Master Plan,  
an environmental s ta tement  was drawn up by the  Hawaii Volcanoes 
National Park superintendent .  Three programs w i t h i n  the 
ecosystem r e s t o r a t i o n  opera t ion  were i d e n t i f i e d .  The f i r s t  
program was f o r  " p l a n t s  t h a t  a r e  key components of major na t ive  
ecosystemsw; f i v e  spec ies  were i d e n t i f i e d .  The second program 
was fo r  " r a r e  p l a n t s  known t o  occur ( o r  t o  have occurred) w i t h i n  
t h e  parkn;  34 spec ies  were i d e n t i f i e d  of which one was already 
thought t o  be e x t i n c t  and 22  o t h e r s  were on a  provis ional  l i s t  of 
endangered p l a n t s  ( U .  S.  Fish & Wildl i fe  Service 1 9 7 6 ) .  The 
scope of t h i s  program was l imi ted  and envisaged the  propagation 
and establ ishment  of the  r a r e  and endangered spec ies  t o  v i a b l e  
population l e v e l s .  The t h i r d  program was fo r  " r a r e  and 
endangered p l a n t s  suspected of once appearing i n  the park." 
The c u r r e n t  p lant ing  program has met w i t h  considerable  
c r i t i c i s m  from the  s c i e n t i f i c  community which favors  an ecosystem 
r a t h e r  than a  species-or iented approach. Much of the  opposi t ion 
stems from knowledge of many programs for  spec ies  r e s t o r a t i o n  
which, though f u l l  of good i n t e n t i o n s ,  have expended l a r g e  s u m s  
of money without apprec iable  success.  To quote Botkin (1975) 
"Many in t roduc t ions ,  r e i n t r o d u c t i o n s ,  and t r a n s p l a n t s  of spec ies  
have been t r i e d ;  most have f a i l e d . "  I n  most ins t ances ,  f a i l u r e  
can be d i r e c t l y  a t t r i b u t e d  t o  a  lack of understanding of the goal 
of the program and the f a c t o r s  involved i n  any attempt t o  
manipulate the  environment. I n  Hawai' i ,  the  task has been 
compounded enormously by the  in t roduct ion  of coun t l e s s  a1 ien 
spec ies  whose e f f e c t  on the  environment have been far-reaching,  
e .g . ,  Andropoqon, g o a t s ,  e t c .  Therefore,  i n  near ly  a l l  a reas  of 
Hawail i ,  i t  w i l l  be impossible t o  r e s t o r e  na t ive  ecosystems 
completely . 
I n  order t o  increase  the  chances of successfu l  r e s t o r a t i o n  
of endemic spec ies ,  information i s  needed about four f a c t o r s :  
(1) the c h a r a c t e r i s t i c s  of the  h a b i t a t  a s  i t  e x i s t s  and what i t  
was l i k e  before  any d i s tu rbance  took p lace ;  ( 2 )  the biology of  
t h e  spec ies  c u r r e n t l y  i n  the  a rea  and those t h a t  a r e  t o  be 
reintroduced;  ( 3 )  the i n t e r a c t i o n s  of the  spec ies  between one 
another and w i t h i n  t h e i r  h a b i t a t ;  and ( 4 )  the e f f e c t s  of exo t i c  
organisms on the  na tu ra l  regenera t ion  of the  communities. Though 
many of these parameters may be well  understood i n  a  p a r t i c u l a r  
s i t u a t i o n ,  success  is not  assured. Most programs a r e  small i n  
s c a l e  and normal, random, environmental f l u c t u a t i o n s  may r e s u l t  
i n  the  e x t i n c t i o n  of the  t r a n s p l a n t ,  l e t  alone some ca tas t roph ic  
event ,  e .g . ,  f lood ,  f i r e ,  e t c .  However, small  populat ions a l s o  
s u f f e r  from reduced a d a p t a b i l i t y  due t o  the lack of v a r i a b i l i t y  
i n  t h e i r  gene pool. without t h a t  g e n e t i c  r e s i l i e n c e  the odds may 
be stacked aga ins t  success.  
Never t h e l e s s ,  some ecosystems show a  s t rong p o t e n t i a l  f o r  
recovery a f t e r  d i s a s t r o u s  or c a t a s t r o p h i c  d i s tu rbances  sometimes 
over p ro t rac ted  per iods ,  e  .g . ,  t he  Thames Estuary i n  England, 
shore l ines  subjected t o  massive o i l s p i l l s ,  e t c .  Even the  ravages 
of surface-mined lands can be tempered and r e s t o r a t i o n  and 
recovery markedly acce le ra ted .  
Though r e s t o r a t i o n  p r o j e c t s  a r e  f e a s i b l e  they a r e  f raught  
with problems. T h i s  r e p o r t  provides a  plan f o r  a  comprehensive 
p l a n t  ecosystem r e s t o r a t i o n  program i n  t h r e e  a r e a s  of the  c o a s t a l  
lowland of Hawaii Volcanoes National Park. 
HISTORY OF THE AREA 
The c o a s t a l  zone of Hawaii Volcanoes National Park and, i n  
p a r t i c u l a r  the  Kalapana Extension, i s  an a rea  which has undergone 
abrupt  and dramatic changes a t  l e a s t  twice i n  recorded h i s t o r y .  
A major subsidence occurred i n  1868 a t  which time the  s l ippage  of 
t h e  c o a s t l i n e  was s u f f i c i e n t l y  severe t h a t  sh ips  were no longer 
a b l e  t o  load and unload a t  Keauhou. T h i s  event  was p a r t i a l l y  
respons ib le  for  the  demise of the  pulu indus t ry  a t  Napau. The 
second subsidence occurred i n  November 1975 a t  which time the  
c o a s t l i n e  sank up t o  11 f e e t  i n  the  ~ a l a p s  a rea .  Apart from the 
genera l  subsidence,  tsunamis uprooted many shrubs and t r e e s  
f u r t h e r  inland as  well  a s  flooding inundated a reas  w i t h  s a l t  
water,  k i l l i n g  most of the  p l a n t s .  
Pre-contact Hawaiian use of the  a r e a  i s  not  completely known. 
However, t h e  numerous archaeological  s i t e s  and re fe rences  by t h e  
e a r l y  miss ionar ies  and t r a d e r s  a t t e s t  t o  th r iv ing  communities 
though Handy and Handy ( 1 9 7 2 )  i n d i c a t e  t h a t  Halape was v i s i t e d  
inf requent ly .  Most of these  communities were destroyed by the  
tsunami i n  1868. The impact of Hawaiian use on the  lowland 
ecosystems is  unknown but the  mere occupation of the  a rea  would 
suggest  t h a t  whatever b i o t i c  communities were p resen t  were of a  
highly d is turbed  nature.  The area  was probably burned over q u i t e  
f requent ly  from comments made by Cook and i n  e a r l y  expedi t ionary 
r e p o r t s .  However, the  recent  o r i g i n  of the  substratum and the  
d ry  condi t ions  of the  a rea  probably account fo r  the  open scrub 
community s t r u c t u r e .  
I n  h i s t o r i c a l  t i m e s ,  f e r a l  c a t t l e  and g o a t s  have  had a  
s i g n i f i c a n t  i m p a c t  i n  t h e  a r e a .  A t  one  t ime, much o f  t h e  c o a s t a l  
p l a i n  beh ind  H a l a p 5  and Apua P o i n t  was a l m o s t  denuded of  
v e g e t a t i o n .  Af t e r  t h e  i n i t i a t i o n  o f  t h e  g o a t  management program 
t h e  v e g e t a t i o n  h a s  r e c o v e r e d  somewhat. U n f o r t u n a t e l y ,  e x o t i c  
p l a n t s  now d o m i n a t e  t h e  a r e a .  
THE PLANTING PROGRAM 
A r e a s  t o  b e  P l a n t e d  
T h r e e  a r e a s  a r e  recommended f o r  p l a n t i n g  and i n t e n s i v e  
c o n t r o l  o f  e x o t i c  s p e c i e s :  H a l a p s ,  Keauhou, and Apua P o i n t .  
A t  HalapE,  i t  is recommended t h a t  t h e  p l a n t e d  a r e a  b e  l i m i t e d  
by t h e  c o a s t l i n e ,  t h e  b a s e  o f  t h e  c l i f f  below P u ' u  Kapukapu, and 
a  n o r t h - s o u t h  bounda ry  f rom Keaoi  I s l e t  i n l a n d  t o  t h e  b a s e  o f  t h e  
c l i f f  ( F i g .  1 ) .  
A t  Keauhou, t h e  a r e a  s h o u l d  be  l i m i t e d  by t h e  Puna c o a s t  
t r a i l ,  a  bounda ry  f rom t h e  s h e l t e r  t o  Keauhou P o i n t ,  and a  
p a r a l l e l  boundary  300 y a r d s  t o  t h e  west ( F i g .  1 ) .  
A t  Apua P o i n t ,  a  much s m a l l e r  a r e a  is  recommended. He re ,  
o n l y  t h e  a r e a  be tween  t h e  Puna c o a s t  t r a i l  and t h e  c o a s t l i n e  
s h o u l d  be p l a n t e d  ( F i g .  1) . 
Only t h e s e  s m a l l  d e f i n e d  a r e a s  a r e  recommended f o r  p l a n t i n g .  
The program is d e s i g n e d  t o  c o n c e n t r a t e  t h e  s p e c i e s  which w i l l  
a p p r o x i m a t e  t h e i r  e x p e c t e d  f r e q u e n c y  i n  e a c h  a r e a .   isp per sing 
t h e  i n d i v i d u a l  s p e c i e s  o v e r  l a r g e r  a r e a s  c i r c u m v e n t s  t h e  p roposed  
community a p p r o a c h  i n  which  t h e  i n t e n t  i s  t o  m i m i c  t h e  d e n s i t y  
and a s s o c i a t i o n  o f  s p e c i e s .  I t  a l s o  f a c i l i t a t e s  t h e  m o n i t o r i n g  
and e v a l u a t i o n  o f  t h e  program.  
Community Types  P r e s e n t  i n  t h e  A r e a s  
I n  t h e  t h r e e  a r e a s  recommended f o r  p l a n t i n g  t h e r e  a r e  two 
b a s i c  h a b i t a t s - - t h e  b e a c h  s t r a n d  and t h e  r e c e n t  l a v a  f l o w s .  
The b e a c h  s t r a n d  i n  t h i s  r e q i o n  is c u r r e n t l y  domina t ed  by 
S c a e v o l a  t a c c a d a  ( naupaka )  w i t h  o c c a s i o n a l  o f  S e s b a n i a  sp mT Qomoea b r a s i l i e n s i s  (morn ing  g l o r y )  , and x l g n a  m a r i n a  
( n a n e a )  ( T a b l e  1 ) .   o ow ever, t h e  h a b i t a t  is  new i n  t h i s  a r e a ,  
h a v i n g .  been  formed-  a f t e r  t h e  s i g n i f i c a n t  s u b s i d e n c e  a s s o c i a t e d  
w i t h  t h e  November 1975  e a r t h q u a k e  and t s u n a m i .  The c u r r e n t  
community is p r o b a b l y  o n l y  a  s t a g e  i n  s e c o n d a r y  s u c c e s s i o n  and 
t h e  r e l a t i v e  c o v e r  o f  s p e c i e s  a s  well  a s  s p e c i e s  c o m p o s i t i o n  w i l l  
u n d o u b t e d l y  change .  
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F I G U R E  1. Map showing t h e  suggested l o c a t i o n  and s i z e  of 
t h e  proposed ecosystem r e s t o r a t i o n  program s i t e  
a t  Halape, Keauhou, and Apua P o i n t .  
The r e c e n t  l a v a  f l o w s  s u p p o r t  an  open  s c r u b  community,  o n e  
example o f  which is shown i n  T a b l e  2 .  Many o f  t h e s e  c o a s t a l  
a r e a s  were  i n u n d a t e d  by t h e  t sunami  a s s o c i a t e d  w i t h  t h e  1975 
e a r t h q u a k e  which p h y s i c a l l y  d e s t r o y e d  much o f  t h e  s c r u b l a n d  a s  
w e l l  a s  washing away much o f  t h e  s o i l  and p o i s o n i n g  t h a t  l e f t  
b e h i n d .  T h i s  open s c r u b  community i s  p r o b a b l y  unde rgo ing  
s u c c e s s i o n  and t h e  r e l a t i v e  p r o p o r t i o n s  o f  s p e c i e s  a s  w e l l  a s  t h e  
s p e c i e s  p r e s e n t  a r e  l i k e l y  t o  change  w i t h  t i m e .  
A t  Halapg  and Keauhou t h e  s c r u b  community w i l l  d i f f e r  
depend ing  p r i n c i p a l l y  on t h e  a v a i l a b i l i t y  o f  s u b s u r f a c e  f r e s h  
w a t e r .  A t  Ha lapz ,  t h e  s u b s u r f a c e  w a t e r  i s  a v a i l a b l e  a l o n g  t h e  
f i s s u r e  a t  t h e  b a s e  o f  P u ' u  Kapukapu c l i f f .  A t  Keauhou, 
s u b s u r f a c e  w a t e r  is p r e s e n t  under  t h e  d e p r e s s e d  a r e a  l e a d i n g  t o  
t h e  s h a l l o w  i n l e t .  I ts  e x t e n t  c a n  be  p r e d i c t e d  from t h e  p a s t  
d i s t r i b u t i o n  o f  kiawe t r e e s  i n  t h e  a r e a .  Both o f  t h e s e  a r e a s  c a n  
b e  e x p e c t e d  t o  s u p p o r t  a  d e n s e r  v e g e t a t i o n  and a  h i g h e r  d i v e r s i t y  
o f  s p e c i e s  i n c l u d i n g  some t r e e s .  Where t h e s e  s u b s u r f a c e  
f r e s h w a t e r  s p r i n g s  and s t r e a m s  come t o  t h e  s u r f a c e  o r  mix w i t h  
s e a  w a t e r ,  s p e c i a l i z e d  communi t i e s  d e v e l o p  which have  a  l i m i t e d  
a r e a  and a r e  p a r  titularly s u s c e p t i b l e  t o  d i s t u r b a n c e s .  They a r e  
v e r y  i m p o r t a n t  b i o l o g i c a l  r e s o u r c e s  and s p e c i a l  a t t e n t i o n  s h o u l d  
b e  drawn t o  t h e s e  a r e a s ,  n o t  o n l y  a t  H a l a p g  and Keauhou, when 
management p l a n s  f o r  t h e  c o a s t a l  a r e a s  a r e  b e i n g  d e v e l o p e d .  
A t  Ha lapg ,  a  f u r t h e r  community t y p e  would be p r e s e n t  on t h e  
r o c k y  s c r e e  s l o p e s  a t  t h e  b a s e  of  P u ' u  Kapukapu. 
The p l a n t s  c u r r e n t l y  p r e s e n t  a t  ~ a l a p e ,  Keauhou, and Apua 
P o i n t  a r e  l i s t e d  i n  T a b l e s  3 ,  4 ,  and 5 ,  r e s p e c t i v e l y .  An 
i n s p e c t i o n  o f  t h e  l i s t s  shows t h a t  i n  a l l  t h r e e  communi t i e s  t h e r e  
is  a  h i g h  p e r c e n t a g e  o f  e x o t i c  s p e c i e s  p r e s e n t  ( T a b l e  6 ) .  T h e r e  
is  a  h i g h e r  p e r c e n t a g e  o f  e x o t i c  s p e c i e s  a t  Ha lap5  and Keauhou 
t h a n  a t  Apua P o i n t ,  which may be  t h e  r e s u l t  o f  a  more d i v e r s e  
f l o r a  i n  t h e  two a r e a s  o r  s p e c i e s  i n a d v e r t e n t l y  i n t r o d u c e d  t o  
t h e s e  p o p u l a r  a r e a s  by v i s i t o r s .  
P r o c e d u r e s  
1. Seed s o u r c e .  S e e d s  s h o u l d  b e  o b t a i n e d  from n a t u r a l  
p o p u l a t i o n s  w i t h i n  t h e  P a r k  wherever  p o s s i b l e .  A t  l e a s t  o n e  
s o u r c e  h a s  b e e n  i d e n t i f i e d  f o r  a l l  s p e c i e s  recommended f o r  
p l a n t i n g  (Appendix)  . S i n c e  mos t  o f  t h e  l o c a l i t i e s  a r e  t h o s e  
i d e n t i f i e d  i n  p u b l i c a t i o n s  o r  from p e r s o n a l  communica t ions  t h e y  
may n o t  b e  t h e  mos t  s u i t a b l e .  B e t t e r ,  c l o s e r  l o c a l i t i e s  may b e  
a v a i l a b l e  t o  NPS and o t h e r  p e r s o n n e l  who a r e  a c t i v e l y  working i n  
t h e  a r e a .  
The s e e d s  s h o u l d  be  c o l l e c t e d  from a s  many d i f f e r e n t  p l a n t s  
a s  p o s s i b l e ,  i d e a l l y  o n l y  o n e  o r  two s e e d s  from e a c h  o f  many 
p l a n t s .  I n  t h i s  way, t h e  d i v e r s i t y  o f  t h e  g e n e  p o o l  w i l l  be  
m a i n t a i n e d .  
A s m a l l  he rba r ium spec imen s h o u l d  be  c o l l e c t e d  whenever a  
p o p u l a t i o n  o f  p l a n t s  is  used a s  a  s e e d  s o u r c e .  ( M i s t a k e s  i n  
i d e n t i f i c a t i o n  a r e  made even  by e x p e r t s ) .  The spec imen s h o u l d  
have  b o t h  f r u i t  and f l o w e r s  a t t a c h e d  whenever p o s s i b l e .  W i t h o u t  
any  r e p r o d u c t i v e  s t r u c t u r e s  many s p e c i m e n s  c a n  o n l y  be  i d e n t i f i e d  
a s  f a r  a s  t h e  g e n u s .  The a v a i l a b i l i t y  o f  spec imens  f o r  
v e r i f i c a t i o n  w i l l  a i d  i n  l a t e r  e v a l u a t i o n  o f  t h e  program a s  w e l l  
a s  i n c r e a s i n g  i t s  a u t h e n t i c i t y .  These s p e c i m e n s  s h o u l d  be  k e p t  
s e p a r a t e  i n  t h e  h e r b a r i u m  a s  t h e i r  number and c o m p l e t e n e s s  may 
n o t  b e  s u i t a b l e  f o r  t h e  g e n e r a l  c o l l e c t i o n .  
2 .  P r o p a g a t i o n .  The p r i n c i p a l  s u b s t r a t a  f o r  p l a n t  g r o w t h  i n  
t h e  s u b j e c t  a r e a s  a r e  beach  sand  and a s h .  Only t h e s e  two 
m a t e r i a l s  s h o u l d  be  used a s  p o t t i n g  m a t e r i a l  f o r  a l l  p l a n t s  t o  b e  
p r o p a g a t e d  i n  t h e s e  a r e a s .  Top s o i l  mus t  n o t  b e  used i n  t h e  
p o t t i n g  m i x t u r e .  A p a r t  from m i n i m i z i n g  any a d v e r s e  r e a c t i o n  t h e  
p l a n t s  may e x p e r i e n c e  when p l a n t e d  o u t ,  t h e  i n t r o d u c t i o n  o f  t o p  
s o i l  t o  t h i s  a r e a  i s  t o  b e  a v o i d e d  b e c a u s e  o f  i t s  d i f f e r e n t  
m i c r o f l o r a ,  c o m p o s i t i o n ,  e t c .  The c u r r e n t  p r a c t i c e  o f  u s i n g  
p o t t i n g  m a t e r i a l  from commerc ia l  s o u r c e s  and washing t h e  m a t e r i a l  
o f f  b e f o r e  t r a n s p o r t i n g  them t o  t h e  f i e l d  i s  s a t i s f a c t o r y  f o r  
s h r u b s  and t r e e s .  Herbs  a r e  much l e s s  l i k e l y  t o  s u r v i v e  t h e  
damage and shock  t o  t h e i r  r o o t  s y s t e m s .  
The s a n d ,  a s h ,  and p o t s  used i n  p r o p a g a t i n g  t h e  p l a n t s  s h o u l d  
be  t h o r o u g h l y  s t e r i l i z e d  b e f o r e  t h e  s e e d s  a r e  sown. I f  t h e  
p l a n t s  a r e  p r o p a g a t e d  a t  t h e  S c i e n c e  C e n t e r  g r e e n h o u s e  i t  would 
b e  a d v i s a b l e  t o  a c c l i m a t e  them a t  t h e  Waha 'u la  f a c i l i t y  f o r  a t  
l e a s t  two weeks p r i o r  t o  t r a n s p l a n t i n g  them t o  t h e  f i e l d .  J u s t  
p r i o r  t o  t h e i r  t r a n s p o r t  t o  t h e  f i e l d ,  a l l  p l a n t s  s h o u l d  be  
f u m i g a t e d  w i t h  n i c o t i n e  o r  some o t h e r  g e n e r a l  i n s e c t i c i d e  t o  r i d  
t h e  p l a n t s  o f  p a r a s i t e s .  The a p p l i c a t i o n  o f  a  nema toc ide  would 
be  a  u s e f u l  a d d i t i o n a l  p r e c a u t i o n .  
3 .  P l a n t i n g  o u t .  The d e n s i t y  a t  which s p e c i e s  a r e  p l a n t e d  is 
a  d i f f i c u l t  p a r a m e t e r  t o  e s t a b l i s h .  Overcrowding l e a d s  n o t  o n l y  
t o  i n c r e a s e d  m o r t a l i t y  b u t  a l s o  r educed  r e p r o d u c t i v e  o u t p u t  by 
t h o s e  i n d i v i d u a l s  t h a t  s u r v i v e .  On t h e  o t h e r  hand c o m p e t i t i o n  
o c c u r s  n a t u r a l l y  w i t h i n  and be tween  s p e c i e s  t o  v a r y i n g  d e g r e e s .  
A r e a s o n a b l e  e s t i m a t e  o f  t h e  minimum d i s t a n c e  be tween  p l a n t i n g s  
f o r  t h e  same s p e c i e s  i s  t h e  maximum h e i g h t  t h a t  t h e  p l a n t  w i l l  
a t t a i n  under  normal  c o n d i t i o n s .  Thus t r e e s  s h o u l d  be p l a n t e d  1 0  
t o  20 f e e t  a p a r t ,  h e r b s  a  m a t t e r  o f  a  f o o t  o r  s o .  I n  o r d e r  
t o  min imize  c o m p e t i t i o n  be tween  d i f f e r e n t  s p e c i e s  p a r t i c u l a r  
a t t e n t i o n  s h o u l d  be  p a i d  t o  e x o t i c s  which s h o u l d  be u p r o o t e d  i n  
p l a n t e d  a r e a s .  U n f o r t u n a t e l y ,  w e  have  v e r y  l i t t l e  q u a n t i t a t i v e  
i n f o r m a t i o n  on c o m p e t i t i o n  be tween  e x o t i c  and n a t i v e  s p e c i e s .  
However, e v e n  t h e  m o s t  c a s u a l  o b s e r v e r  c a n n o t  h e l p  n o t i c e  t h a t  
l owland  n a t i v e  s p e c i e s  a r e  crowded o u t  by e x o t i c s .  By u p r o o t i n g  
t h e  e x o t i c s ,  t h e  n a t i v e  s p e c i e s  w i l l  be  g i v e n  a  momentary 
a d v a n t a g e  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  m o s t  l i m i t i n g  f a c t o r s  
i n  t h a t  a r e a - - t h e  a v a i l a b i l i t y  o f  w a t e r  and t h e  u t i l i z a b l e  
s u b s t r a t u m  on t h e  l a v a  f l o w s .  
P l a n t i n q  P r e s c r i p t i o n  
A l l  s p e c i e s  which a r e  recommended f o r  management a c t i o n  a r e  
l i s t e d  i n  T a b l e  7 .  Comments on  t h e  s p e c i e s  c a n  b e  found i n  t h e  
Appendix.  S p e c i e s  recommended f o r  p l a n t i n g  a r e  i n d i c a t e d  by t h e  
l e t t e r  P  f o l l o w e d  by a  number,  e . g . ,  P40, which r e p r e s e n t s  t h e  
number o f  p l a n t s  t h a t  s h o u l d  be  p l a n t e d  i n  t h a t  a r e a .  The l e t t e r  
B i n d i c a t e s  t h a t  s e e d s  o r  s p o r e s  s h o u l d  be b r o a d c a s t  i n  t h e  a r e a  
and C i n d i c a t e s  t h a t  t h e  s p e c i e s  s h o u l d  be d e s t r o y e d .  I t  w i l l  be  
n o t e d  t h a t  o n l y  a  few s p e c i e s  a r e  recommended f o r  p l a n t i n g  and 
mos t  o f  t h e s e  a r e  r e f e r e n c e d  by t h e  l e t t e r  K i n  column 1 of  
T a b l e  7 .  C o n v e r s e l y ,  t h e  m a j o r i t y  o f  s p e c i e s  which a r e  
recommended f o r  b r o a d c a s t  sowing a r e  r e f e r e n c e d  by r .  The 
d i s t i n c t i o n  be tween  t h e  two t y p e s  r e f l e c t s  c h a r a c t e r i s t i c s  o f  
t h e i r  g r o w t h  and r e p r o d u c t i o n :  K-type s p e c i e s  a r e  g e n e r a l l y  
l o n g e r - l i v e d  t r e e s  o r  s h r u b s  t h a t  p r o d u c e  a  f ew ,  f r e q u e n t l y  l a r g e  
s e e d s  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d  o f  t i m e ;  r - t y p e  s p e c i e s  a r e  
s h o r t - l i v e d  h e r b s  o r  s h r u b s  t h a t  p r o d u c e  many, s m a l l  s e e d s  o v e r  a  
s h o r t  t i m e s p a n .  The d i f f e r e n t  s t r a t e g y  f o r  t h e  r e i n t r o d u c t i o n  o f  
t h e s e  i s  p r e d i c a t e d  on t h e  b a s i s  t h a t  r - t y p e  s p e c i e s  t e n d  toward 
e x p l o s i v e  p o p u l a t i o n  g r o w t h  b e c a u s e  o f  t h e i r  p r o l i f i c  p r o d u c t i o n  
o f  s e e d s  and r a p i d  g rowth .  B r o a d c a s t i n g  t h e  s e e d s  i n  a p p r o p r i a t e  
h a b i t a t s  w i l l  a l l o w  n a t u r a l  s e l e c t i o n  t o  a c t  on a l l  p h a s e s  o f  
r e e s t a b l i s h m e n t .  However, K-type s p e c i e s  need t o  be  g i v e n  a  
h e a d s t a r t  b e c a u s e  o f  t h e i r  s l o w e r  r a t e s  o f  e s t a l i s h m e n t ,  l ower  
s e e d  p r o d u c t i v i t y ,  and s l o w e r  g rowth  r a t e .  
Of t h e  7 2  s p e c i e s  d i s c u s s e d  i n  t h i s  r e p o r t ,  e i g h t  a r e  
recommended f o r  p r o p a g a t i o n  by p l a n t i n g ,  10  f o r  b r o a d c a s t  sowing ,  
t h r e e  f o r  s p e c i a l  t r e a t m e n t ,  1 5  f o r  e r a d i c a t i o n ,  and 36  s p e c i e s  
f o r  no management a c t i o n .  
Monitor  i n q  
Permanent  l i n e  t r a n s e c t s  w i t h i n  and o u t s i d e  t h e  managed a r e a s  
s h o u l d  be e s t a b l i s h e d .  Twenty me te r  s q u a r e  p l o t s  a l o n g  t h e  
t r a n s e c t s  s h o u l d  b e  mon i to red  p r i o r  t o  and a f t e r  t h e  
i m p l e m e n t a t i o n  o f  t h e  program. The m o n i t o r i n g  c o u l d  be  i n c l u d e d  
w i t h  t h a t  o f  t h e  g o a t  program. 
A m o n i t o r i n g  program is i m p o r t a n t  f o r  t h e  f o l l o w i n g  r e a s o n s :  
1. R e s u l t s  from t h i s  program w i l l  be  u s e f u l  f o r  f u t u r e  
ecosys t em r e s t o r a t i o n  management p r o p o s e l s  f o r  c o a s t a l  
l owland  a r e a s  w e s t  o f  Pu 'u  Kapukapu. 
2 .  S p e c i e s  which have n o t  become r e e s t a b l i s h e d  a r e  
i d e n t i f i e d .  O the r  t e c h n i q u e s  f o r  t h e i r  r e i n t r o d u c t i o n  
c a n  t h e n  be  t r i e d .  
3. The i n t e r a c t i o n  be tween  n a t i v e  and e x o t i c  s p e c i e s  c a n  b e  
f o l l o w e d  which may p r o v e  t o  b e  u s e f u l  i n  c o n t r o l l i n g  
e x o t i c  s p e c i e s  e l s e w h e r e  o r  p r o v i d e  f u r t h e r  i n s i g h t  i n t o  
t h e  i m p a c t  o f  e x o t i c  s p e c i e s  on n a t i v e s .  
4 .  The h i s t o r i c a l  i n f o r m a t i o n  on t h e  r a t e s  and f l u c t u a t i o n s  
i n  r e e s t a b l i s h m e n t  w i l l  be  u s e f u l  t o  r e s o u r c e  manage r s  a s  
w e l l  a s  i n t e r p r e t e r s .  
Pub1 i c  Invo lvemen t  
F i n a l l y ,  ~ a l a p z  and Keauhou a r e  v e r y  p o p u l a r  camping a r e a s .  
I t  i s  recommended t h a t  i n f o r m a t i o n  on t h e  n a t i v e  p l a n t s  and 
ecosys t em r e s t o r a t i o n  program be p r o v i d e d  i n  t h e  s h e l t e r s  o f  b o t h  
a r e a s .  V i s i t o r s  s h o u l d  be  encouraged  n o t  t o  i n t r o d u c e  p l a n t s ,  
e . g . ,  p a s s i o n  f r u i t ,  d a t e  pa lms ,  e t c . ,  t o  t h e  a r e a  and t h e y  
s h o u l d  remove a l l  s e e d s  f rom c l o t h i n g  b e f o r e  e n t e r i n g  t h e  a r e a s .  
The P a r k  may a l s o  b e  a b l e  t o  e n c o u r a g e  a t  l e a s t  some o f  t h e  
camper s  t o  a s s i s t  i n  e x o t i c  p l a n t  c o n t r o l .  The g e n e r a l  p u b l i c  
would t h e n  a c t  t o  r e i n f o r c e  t h e  r e s o u r c e  management program.  
S i m i l a r  p rograms have  been  used t o  good e f f e c t  e l s e w h e r e  and 
p u b l i c  i d e n t i f i c a t i o n  w i t h  t h e  P a r k ' s  program i s  h e i g h t e n e d .  
Campers s h o u l d  b e  r e q u e s t e d  n o t  t o  u s e  e i t h e r  l i v e  o r  dead  
m a t e r i a l  from t h e  p l a n t e d  a r e a s .  S i n c e  t h e  kiawe wood s o u r c e  
w i l l  b e  e l i m i n a t e d  a t  Keauhou some o t h e r  t y p e  o f  c a m p f i r e  f u e l  
s h o u l d  be  p r o v i d e d .  
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A P P E N D I X  
Annotated catalogue of the p l a n t s  i n  ~ a l a p g ,  Keauhou, and 
Apua Point  Native Ecosystem Restorat ion Pro jec t .  
Bidens p i l o s a  L.  
(Sunflower family) 
Beggar's t i c k  
This e x o t i c ,  herbaceous weed was probably introduced by 
v i s i t o r s  hiking i n  from Kalapana. I t s  absence from Apua Point is  
probably f o r t u i t o u s .  Control of the spec ies  a t  t h i s  s tage  i s  
almost impossible because i t  w i l l  be reintroduced time and time 
again.  Since the  spec ies  w i l l  have l i t t l e  impact i n  the 
ecosystem no management i s  recommended. 
Boerhavia d i f  fusa L.  
()?our-o-clodk family)  
Alena 
The taxonomy of t h i s  na t ive ,  p r o s t r a t e  herb i s  very 
confused. Doty and Mueller-Dombois ( 1 9 6 6 )  l i s t  two species  a s  
present  i n  the  Park. However, S t .  John (1973) recognizes one 
spec ies  only w i t h  f i v e  v a r i e t i e s  of which two might be found on 
Hawai'i. The spec ies  was present  a t  Keaoi p r i o r  t o  the 1 9 7 6  
earthquake and subsidence. ~t is present  a t  ~ a l a p e ,  a  s i n g l e  
p l a n t  on the  western s i d e  of the  bay. Reestablishment of the  
spec ies  a t  Keauhou and Apua Point is  recommended u s i n g  mater ia l  
from ~ a l a p g  but g r e a t  c a r e  m u s t  be taken not  t o  inadver ten t ly  
zt a t  Halaps. 
Bulbost l i s  ca  i l l a r i s  ( L . )  C .  B. Clarke *
T h i s  weedy, e x o t i c  sedge occurs  i n  a l l  t h ree  areas .  I t  
poses no t h r e a t  t o  the ecosystem and i s  probably impossible t o  
e rad ica te .  
Caesal i n i a  bonduc ( L . )  Roxb. Kakalaioa 
( k a m  ily 
T h i s  pan t rop ica l ,  c u l t i v a t e d  shrub is p resen t ly  found only 
a t  Halapg. Once es t ab l i shed  i n  an a rea  i t  can form impenetrable 
t h i c k e t s .  I t  should be eradica ted .  
s 
Canthium odoratum ( F o r s t .  f  . )  Seem. 
A l a h e l  e 
( C o f f e e  f a m i l y )  
T h i s  n a t i v e  t r e e  is  a b u n d a n t  i n  t h e  d r y  f o r e s t  a r e a s  o f  
Hawai1 i Volcanoes  N a t i o n a l  Pa rk  (Do ty  & Mueller-Dombois 1 9 6 6 ) .  
I t  o c c u r s  i n  s i m i l a r  a r i d ,  c o a s t a l  a r e a s  i n  t h e  Hawaiian I s l a n d s .  
I t s  c u r r e n t  a b s e n c e  from t h e  s u b j e c t  a r e a  is  p r o b a b l y  t h e  r e s u l t  
o f  t h e  combined a c t i v i t i e s  o f  t h e  p r e - c o n t a c t  Hawai ians  and f e r a l  
g o a t s .  On t h e  o t h e r  hand ,  i t  may be  n a t u r a l l y  a b s e n t  due  t o  
c l i m a t i c  l i m i t a t i o n s .  S i n c e  a l a h e l e  would c o n s t i t u t e  a  
s i g n i f i c a n t  e l e m e n t  o f  t h e  i n l a n d  f l o r a  i t  is recommended f o r  
i n t e n s i v e  p l a n t i n g  i n  t h e  managed a r e a s .  I f  t h e  p l a n t s  d o  n o t  
s u r v i v e  no fo l low-up  is recommended. 
Source :  Lae Apuki.  
w a r  is  s a n d w i c h i a n a  v a r .  z o h a r f i  Deg. & Deg. 
M a i a p i l o  
(Cape r  f a m i l y )  
T h i s  endemic c a p e r  was r e p o r t e d  from Keaoi  by Doty and 
Mueller-Dombois ( 1 9 6 6 ) .  I t  h a s  s i n c e  been  r e p o r t e d  from t h e  
lowland  f o r e s t  above  Kamoamoa by  Warshauer ( p e r s .  comm.) . The 
s p e c i e s  s h o u l d  b e  p l a n t e d  i n  i n l a n d  a s h  p o c k e t s  a t  ~ a l a p z  and 
Keauhou. I t  u s u a l l y  grows  on w h i t e  sand  b e a c h e s  i n  s t r a n d  
h a b i t a t s  a d j a c e n t  t o  HAVO. 
Source :  Kamoamoa and s t r a n d  a r e a s  n e a r  HAVO. 
C a s s i a  l e s c h e n a u l  t i a n a  DC. 
CIIC-CI 
P a r t r i d g e  p e a  
( P e a  f a m i l y )  
T h i s  weedy, a n n u a l  t o  p e r e n n i a l  h e r b  i s  a  w e l l - e s t a b l i s h e d  , 
c o n s p i c u o u s  p l a n t  i n  a l l  t h r e e  a r e a s .  Though a n  e x o t i c ,  i t  p o s e s  
no t h r e a t  t o  t h e  ecosys t em.  From a  r e a l i s t i c  p o i n t  o f  v i e w ,  i t  
i s  i m p o s s i b l e  t o  e r a d i c a t e .  
Cass  t h a  f i l i f o r m i s  L. 
a u r e l  tami-) 
_]k Kaunoa' o a  
T h i s  n a t i v e  p a r a s i t i c  v i n e  is  a b u n d a n t  i n  t h e  Kalapana  a r e a  
(Do ty  & Mueller-Dombois 1 9 6 6 ) .  A s  s h r u b s  and t r e e s  become 
r e e s t a b l i s h e d  a l o n g  t h e  c o a s t a l  l o w l a n d ,  t h e  s p e c i e s  w i l l  
p r o b a b l y  i n v a d e  t h e  a r e a .  No management a c t i o n  i s  r e q u i r e d  f o r  
t h i s  s p e c i e s .  I t s  r e i n t r o d u c t i o n  d u r i n g  t h e  e s t a b l i s h m e n t  p h a s e  
o f  t h i s  program c o u l d  have a  c o u n t e r p r o d u c t i v e  e f f e c t .  
Cenchrus  e c h i n a t u s  L .  Common sandbur  
T h i s  e x o t i c ,  a n n u a l  g r a s s  is  p a r t i c u l a r l y  common c l o s e  t o  
t h e  beach  a t  Ha laps .  I t  i s  d i s p e r s e d  by s t i c k i n g  t o  c l o t h e s  and 
an ima l  h a i r .  I t  h a s  been  d e c l a r e d  a  n o x i o u s  weed by t h e  S t a t e  o f  
Hawaii .  I t s  p r e s e n c e  i n  s t r a n d  communi t i e s  d e t r a c t s  f rom t h e  
p l e a s u r e s  o f  t h e  beach .  I t  m i g h t  b e  p o s s i b l e  and v e r y  d e s i r a b l e  
t o  c o n t r o l  t h i s  s p e c i e s  i n  t h e  l o n g  run  u p r o o t i n q  it wherever  
s e e n .  
-
C h l o r i s  sp .  
T r a s s  f ami ly )  
T h i s  e x o t i c  g r a s s ,  probably  swol len f i n g e r g r a s s ,  i s  a  common 
weed i n  d i s t u r b e d  a r e a s .  I t  i s  c u r r e n t l y  p r e s e n t  only  a t  ~ a l a p e .  
I t  poses  no long-term t h r e a t  t o  t h e  ecosystem, f o r t u n a t e l y ,  s i n c e  
it i s  n e a r l y  imposs ib le  t o  e r a d i c a t e .  
Chrysopoqon a c i c u l a t u s  ( R e t z . )  T r i n .  
Golden beardgrass  (Grass  fami ly)  
This  p e r e n n i a l ,  mat-forming , e x o t i c  g r a s s  is 
we l l - e s t ab l i shed  a t  bo th  ~ a l a p g  and Keauhou b u t  appa ren t ly  absen t  
a t  Apua P o i n t .  L i t t l e  can be done t o  c o n t r o l  t h e  s p e c i e s  whose 
seeds  s t i c k  t o  c l o t h i n g  and animal h a i r  whereby i t  sp reads  
r a p i d l y .  I ts  absence a t  Apua Po in t  i s  probably  f o r t u i t o u s .  
Cocos n u c i f e r a  L .  
-(Palm i a 6 i l y )  
Coconut 
The n a t u r a l  presence of coconut palms, a  Polynesian i n t r o -  
d u c t i o n ,  a t  Halap5 and Keauhou is a lmost  impossible  t o  determine.  
However, t h e  p re -contac t  Hawaiians would have p lan ted  it t h e r e .  
Th is  t r a d i t i o n  has  been cont inued by t h e  Park Serv ice .  The 
apparen t  f a i l u r e  of t h e  s p e c i e s  t o  r e e s t a b l i s h  i t s e l f  a f t e r  t h e  
1966 tsunami may i n d i c a t e  t h a t  t h e  s p e c i e s  i s  n o t  n a t u r a l  t o  t h e  
a r e a .  An occas iona l  census  should be made t o  l o c a t e  n a t u r a l l y  
occur ing  s e e d l i n g s  once t h e  r e c e n t l y  p lan ted  specimens a r e  
mature.  
Cordia subcorda ta  Lam. 
( ~ e l i o t r o p e  f ami ly )  
Kou 
Kou was probably  in t roduced by t h e  e a r l y  Hawaiians who used 
t h e  wood q u i t e  e x t e n s i v e l y .  A f a v o r i t e  shade t r e e  i t  was 
probably c u l t i v a t e d  i n  s e t t l e m e n t s  along the  c o a s t  i f  i t  had no t  
a l r e a d y  escaped.  I t  i s  recommended f o r  i n t r o d u c t i o n  i n  t h e  most 
landward p o r t i o n s  of t h e  s t r a n d  of a l l  t h r e e  a r e a s .  
C r o t a l a r i a  mucronata Desv. 
(Pea f ami ly )  
Smooth Rat t lepod 
This  p e r e n n i a l ,  a lmost  shrubby,  e x o t i c  legume i s  p r e s e n t  i n  
a l l  t h r e e  a r e a s .  I t  can form dense t h i c k e t s  and t h e r e f o r e  should 
be watched c a r e f u l l y .  I ts  d i s t r i b u t i o n  along t h e  c o a s t l i n e  a t  
HAVO i s  very  spo rad i c .  I t  could be e r a d i c a t e d  from t h e  t h r e e  
proposed management a r e a s  a t  t he  same time o t h e r  s p e c i e s  a r e  
c o n t r o l l e d .  
C u s c u t a  s a n d w i c h i a n a  v a r .  s a n d w i c h i a n a  Cho i sy  
Kauna' o a  
(Morning g l o r y  f a m i l y )  
Recorded from K a l u ' e  by Doty and Mueller-Dombois ( 1 9 6 6 )  and 
Ha lap5  by Stemmermann ( i n  h e r b a r i u m )  , t h i s  p a r a s i t i c  v i n e  p r e f e r s  
more a r i d  c o n d i t i o n s  t h a n  C a s s y t h a  f  i l i f o r m i s .  The s p e c i e s  w i l l  
p r o b a b l y  r e i n f e c t  t h e  - a r e a  a s  t r e e s  and s h r u b s  become 
e s t a b l i s h e d .  No manaqement is  s u q q e s t e d .  I t s  r e i n t r o d u c t i o n  
d u r i n g  t h e  e s t a b l i s h m e n t  p h a s e  o f  - t h i s  program c o u l d  have  a  
c o u n t e r p r o d u c t i v e  e f f e c t .  
C nodon d a c t  l o n  ( L . )  P e r s .  
* - r d l y )  
Bermudagrass  
T h i s  e x o t i c ,  p e r e n n i a l  g r a s s  i s  w e l l - e s t a b l i s h e d  i n  a l l  
t h r e e  a r e a s .  T h e r e  i s  no e f f e c t i v e  method t o  c o n t r o l  t h e  s p e c i e s  
b u t  f o r t u n a t e l y  i t  i s  n o t  a  s i g n i f i c a n t  p roblem.  
Q p e r u s  j a v a n i c u s  H o u t t .  
(Sedge  f a m i l y )  
'Ahu' awa 
T h i s  h e r b a c e o u s  s p e c i e s  h a s  been  r e c o r d e d  o n l y  from t h e  
Kapa 'ahu Heiau a r e a  a d j a c e n t  t o  t h e  N a t i o n a l  P a r k .  Though Rock 
( 1 9 1 3 )  s u g g e s t s  t h a t  t h i s  p l a n t  was a  common e l e m e n t  o f  c o a s t a l  
v e g e t a t i o n ,  t h e r e  i s  some q u e s t i o n  a s  t o  t h e  r e a l  s t a t u s  o f  t h e  
s p e c i e s .  S t .  John ( 1 9 7 3 )  c o n s i d e r s  i t  t o  be  q u e s t i o n a b l y  
i n d i g e n o u s .  A l s o ,  s i n c e  t h e  s p e c i e s ,  l i k e  o t h e r  s e d g e s ,  i s  
u n l i k e l y  t o  have  been  s e v e r e l y  d e p l e t e d  by g o a t s ,  p l a n t i n q  is n o t  
recommended . 
g p e r u s  l a e v i q a t u s  L. 
(Sedge  f a m i l y )  
Makaloa 
T h i s  s e d g e  is d i s t r i b u t e d  w i d e l y  t h r o u g h o u t  t h e  t r o p i c s .  I t  
i s  p r e s e n t  a t  ~ a l a p g .  I t  is q u e s t i o n a b l y  i n d i g e n o u s  i n  t h e  
Hawaiian I s l a n d s  - ( S t .  J o h n  1 9 7 3 ) .  No m a s g e m e n t  o f  t h e  s x e c i e s  
is recommended. 
Dac ty loc t en ium a e q y ~ t i u m  ( L .  ) W i l l d .  
Beach w i r e g r a s s  
( G r a s s  f a m i l y )  
T h i s  e x o t i c ,  a n n u a l  g r a s s  is  p r e s e n t  i n  a l l  t h r e e  a r e a s  b u t  
is  p a r t i c u l a r l y  common a t  Ha laps .  S i n c e  i t  p o s e s  no t h r e a t  t o  
t h e  ecosys t em and would be  v i r t u a l l y  i m p o s s i b l e  t o  e r a d i c a t e  - no 
manasement i s  recommended. 
Desmodium t r i f l o r u m  ( L . )  D C .  
( P e a  m y )  
Three - f lowered  beggarweed 
T h i s  e x o t i c  p e r e n n i a l  s p e c i e s  is  p r e s e n t  i n  a l l  t h r e e  a r e a s .  
I t  is a  p o t e n t i a l l y  t r o u b l e s o m e  weed t h a t  s h o u l d  b e  up roo ted  
wherever  p o s s i b l e .  
D i g i t a r i a  s a n s u i n a l i s  ( L . )  H e i s t .  i n  Scop .  
La rge  c r a b g r a s s ,  ~ u k a i p u a ' a  
( G r a s s  f a m i l y )  
T h i s  e x o t i c  g r a s s  i s  p r e s e n t  i n  a l l  t h r e e  a r e a s .  I t  s h o u l d  
be  c o n t r o l l e d  wherever  p o s s i b l e .  
D o r y o p t e r i s  d e c o r a  Brack .  
( F e r n )  
Known from a  c o l l a p s e d  l a v a  t u b e  a t  Halapg ,  t h i s  endemic 
f e r n  p r e f e r s  ' a ' Z  l a v a  f l o w s  o r  c r a c k s  i n  we l l -wea the red  pahoehoe 
l a v a .  I t  p r o b a b l y  would n o t  o c c u r  a t  Apua P o i n t  b e c a u s e  t h e  a r e a  
is  s u b j e c t  t o  s a l t  s p r a y .  S i n c e  t h e  s p e c i e s  i s  p r e s e n t  and t h e  
h a b i t a t  is  m a r g i n a l  f o r  i t s  s u r v i v a l ,  no m a n a ~ e n t  a c  
recommended. 
D r y o ~ t e r i s  s e t i g e r a  ( B l . )  Kuntze  
( F e r n )  
T h i s  i n d i g e n o u s  f e r n  h a s  b e e n  c o l l e c t e d  from t h e  Keahou 3 r e a  
( H e r a t  & H e r a t  1 9 7 6 ) .  The s p e c i e s  would be  found i n  w e l l -  
p r o t e c t e d  h a b i t a t s  i n  t h e  s u b j e c t  a r e a ,  e . g . ,  t h e  c r a c k  a t  ~ a l a p e  
o r  i n  t h e  o p e n i n g s  o f  l a v a  t u b e s .  S i n c e  t h e  s p e c i e s  i s  a l r e a d y  
p r e s e n t ,  no manaqement a c t i o n  i s  recommended. 
E m i l i a  j a v a n i c a  Burm. f  . )  C .  E .  Robins  
Red P u a l e l e  
(Sunf lower  f a m i l y )  
T h i s  a n n u a l  weed is p r e s e n t  a t  Keauhou and Apua P o i n t  b u t  is  
more common a t  h i g h e r  e l e v a t i o n s  (Do ty  & Mueller-Dombois 1 9 6 6 ) .  
T h i s  e x o t i c  w i l l  have  l i t t l e  i m p a c t  i n  t h e  a r e a  and no manaqement 
is recommended. 
E r a g r o s t i s  t e n e l l a  ( L . )  Beauv. e x  R. & S.  
J a p a n e s e  l o v e g  r  a s s  
( G r a s s  f a m i l y )  
T h i s  e x o t i c ,  a n n u a l  g r a s s  i s  a b s e n t  from Apua P o i n t .  S i n c e  
i t  p o s e s  no long- t e rm t h r e a t  t o  t h e  ecosys t em no manaqement 
program is advoca ted  f o r  t h o s e  p l a n t s  a t  ~ a l a p g  and Keauhou. 
_EJSythrina s a n d w i c e n s i s  v a r .  s a n d w i c e n s i s  f .  s a n d w i c e n s i s  
W i l i w i l  i 
( P e a  f a m i l y )  
Undoubted ly  a  s i g n i f i c a n t  component o f  t h e  
v e q e t a t i o n  i n  a r i d  r e g i o n s ,  t h i s  endemic t r e e  may have  
~ e g  . 
c o a s t a l  
been  t h e  
dominan t  p l a n t  i n  s u c h  a r e a s .  The s p e c i e s  p r e f e r s  o l d e r ,  
wea the red  l a v a  f l o w s .  I t  i s  u n l i k e l y  t h a t  any o f  t h e  p l a n t s  
c u r r e n t l y  p r e s e n t  i n  t h i s  a r e a  o f  Hawaii  Vo lcanoes  N a t i o n a l  Park  
a r e  n a t u r a l ;  most  o f  them a r e  i n  a r e a s  p r e v i o u s l y  p l a n t e d  w i t h  
w i l i w i l i .  However, p l a n t s  i n  t h e  Ka lapana  E x t e n s i o n  a r e  
u n d o u b t e d l y  n a t u r a l .  I f  i t  is assumed t h a t  t h e  p l a n t e d  s p e c i m e n s  
were  produced  from s e e d s  o b t a i n e d  i n  t h e  a r e a  i n  which t h e y  were 
l a t e r  p lanted ,  then these  p l a n t s  should be used a s  a  seed source.  
Seeds from a s  many d i f f e r e n t  p l a n t s  a s  poss ib le  should be used in  
t h i s  program. 
Source: Kamoamoa, Waha' u l u .  
Euphorbia h i r t a  L. 
- ( ~ p u r f i m i l ~ )  
Golden Spurge 
T h i s  e x o t i c  spec ies  is an annual weed of d is turbed  areas .  
I t  is present  a t  ~ a l a p E .  I t  poses no se r ious  t h r e a t  t o  the 
communities present .  No manaqement ac t ion  i s  recommended. 
F imbr i s ty l i s  hawaiiensis  Hbd. 
Eedge tamily)  
T h i s  endemic sedge occurs  occas ional ly  i n  i s o l a t e d  pockets 
of ash i n  the  c o a s t a l  a rea .  ~ h o u g h  probably not  i n  need of 
a s s i s t a n c e ,  seeds could be broadcast  i n  inland a reas  a t  ~ a l a p g  
and Keauhou. 
Source: Inland of Apua Point .  
T h i s  na t ive  spec ies  is l i s t e d  a s  F. i n  the  At las .  
I t  i s  present  i n  a l l  t h ree  areaso an=s no t  need any 
a s s i s t a n c e .  
Heteropogon con to r tus  ( L .  ) Beauv. 
P i l i  
(Grass family)  
P i l i  is  already present  i n  a l l  t h ree  areas .  However, i t s  
h a b i t a t  ( smal l  cracks i n  pahoehoe) i n  these  a reas  is o f t e n  
invaded by exo t i c  grasses .  The e rad ica t ion  of the  e x o t i c s  around 
the  p i l i  clumps may encourage i t s  growth. Great ca re  should be 
taken t o  r e tu rn  a l l  s o i l  t o  the a rea  and avoid uprooting p i l i  
seedl ings .  I t  may be b e n e f i c i a l  to  seed the  d is turbed  a r e a s  w i t h  
p i l i  seeds.  
Hyparrhenia - rufa  (Nees) Stapf i n  Prain 
Thatchingrass 
(Grass  family)  
T h i s  exo t i c  g r a s s  has r ecen t ly  become widely es t ab l i shed  i n  
the  c o a s t a l  lowland sec t ion  of Hawaii Volcanoes National Park. 
I t  is probably impossible t o  con t ro l  a t  t h i s  time but should be 
removed from the  immediate v i c i n i t y  of planted organisms. 
Indiqofera s u f f r u t i c o s a  M i l l .  
(Pea fami ly )  
Ind ig o  
This Polynesian introduced shrub i s  a  major component of the 
c o a s t a l  ecosystem in t h i s  a rea .  Since i t  i s  unl ike ly  t o  become a  
t h r e a t  t o  the  ecosystem and would be v i r t u a l l y  impossible t o  
e rad ica te  no management is recommended. 
I omoea b r a s i l i e n s i s  ( L . )  Sweet Pohuehue 
--Ti orning g lory  *family) 
Already present  i n  a l l  t h ree  areas .  No fu r the r  m a n a q e ~ n s  
is n e c e s s x .  - 
Ischaemum b  rone Hitchc. Hilo Ischaemum 
( G r a s k l y )  
T h i s  endemic spec ies  is on the proposed l i s t  of endangered 
spec ies .  I t  has been co l l ec ted  a t  Kamoamoa. I t  i s  q u i t e  
poss ib le  t h a t  i t  grew along the  c o a s t a l  p l a i n  e a s t  of ~ a l a p g .  I t  
is recommended for  p l a n t i n e o n  a t r i a l  b i s i s  i n  a l l  t h ree  a reas .  
Source: Kamoamoa. 
Jacquemonti sandwichensis va r .  sandwicensis Gray 
Pa' u o h l f a k a  
(Morning g lo ry  family) 
Present  a t  Apua Point and Keauhou, t h i s  endemic spec ies  is 
apparent ly absent  a t  Halaps. Seeds should be broadcast  i n  rocky 
a r e a s  within 25 f e e t  of the  high t i d e  mark. 
Source: Keauhou. 
Lantana camara L. 
-erb-end-f amily)  
Lantana 
T h i s  exo t i c  shrub is a  noxious weed a s  declared by the  
S t a t e  of Hawaii. I t  is very common a t  ~ a l a p E  and occasional  a t  
Keauhou but  absent  from the proposed management a rea  a t  Apua 
Point .  The spec ies  has a  s e r i o u s  p o t e n t i a l  t o  d i s r u p t  e f f o r t s  t o  
r e e s t a b l i s h  na t ive  ecosystems due t o  i t s  aggress ive ,  weedy na ture  
and longevi ty.  Though c u r r e n t l y  i n  balance w i t h  i t s  environment 
but  not  adequately con t ro l l ed  by introduced b io log ica l  con t ro l  
agents ,  the  r o l e  of t h i s  spec ies  i n  a  na t ive  dryland c o a s t a l  
community is i n s u f f i c i e n t l y  known t o  p r e d i c t  i t s  impact on the  
program. I t  is recommended t h a t  the spec ies  be cont ro l led  
p r e f e r a b l  y  u p r o o t i n g .  
Leucaena leucocephala (Lam. ) de W i t  
Koa haole 
(Pea Family) 
T h i s  weedy exo t i c  shrub has the  p o t e n t i a l  t o  invade most of 
the  c o a s t a l  low1 and. I t  should be eradica ted  a t  Halape and 
Keauhou where i t  is present  i n  low numbers. The area  should be 
monitored for  severa l  years  during the ra iny  season so t h a t  a l l  
seedl ings  can be destroyed before they have a  chance t o  become 
es tab l i shed .  
Malvastrum coromandel  ianum F a l s e  mal low 
( ~ a ? l o w  f a m i l y )  
T h i s  e x o t i c  s h r u b  is p r e s e n t  a t  ~ a l a p E  and Keauhou. I t  c a n  
r e a c h  a  h e i g h t  o f  a b o u t  t h r e e  f e e t .  However, s i n c e  it c a n  be  
c o n f u s e d  w i t h  - S i d a  f a l l a x  ( i l i m a )  , no management i s  recommended 
e x c e p t  by p e r s o n s  f m r  w i t h  b o t h  s p e c i e s .  
Me1 i l o t u s  s p .  
( P e a  f a m i l y )  
Sweet  c l o v e r  
T h i s  e x o t i c  c l o v e r  s p e c i e s  p o s e s  no t h r e a t  t o  t h e  e c o s y s t e m .  
M e l i n i s  m i n u t i f l o r a  Beauv. M o l a s s e s  g r a s s  
( c r a s s  f a m i l y )  
T h i s  p e r e n n i a l ,  s p r e a d i n g ,  e x o t i c  g r a s s  is  a  s e r i o u s  weed i n  
much o f  t h e  c o a s t a l  l o w l a n d .  I t  is c u r r e n t l y  p r e s e n t  i n  t h e  p ro -  
posed  management a r e a  a t  Keauhou. T h i s  g r a s s  is  a  s e r i o u s  weed 
w i t h  a  p o t e n t i a l  t o  smother  h e r b s  and s e e d l i n g s .  C o n s e q u e n t l y ,  
i t  c o u l d  i n h i b i t  t h e  n a t u r a l  o r  a s s i s t e d  r e g e n e r a t i o n  o f  t h e  
a r e a .  I t  s h o u l d  be  removed d u r i n g  t h e  p l a n t i n g  and e a r l y  s t a g e s  
o f  t h e  r e e s t a b l i s h m e n t  p rogram.  
Messe r schmid ia  a r q e n t e a  (L. f  . ) J o h n s t o n  
T r e e  h e 1  i o t r o p e  
( H e l i o t r o p e  f a m i l y )  
P r e s e n t  a t  Keauhou where  it h a s  b e e n  p l a n t e d .  T h i s  s p e c i e s  
is q u e s t i o n a b l y  i n d i g e n o u s .  I t  may b e  a  P o l y n e s i a n  i n t r o d u c t i o n  
which would j u s t i f y  i t s  i n c l u s i o n  i n  t h e  Par  k '  s p l a n t i n g  program.  
I t  is recommended t h a t  s e e d s  b e  b r o a d c a s t  i n  t h e  s t r a n d  
communi t i e s  a t  Ha lap5  and Apua P o i n t .  
S o u r c e :  Waha' u l a .  
M e t r o s i d e r o s  c o l l i n a  s u b s p .  po lymorpha  (Gaud. ) Rock 
' b h i '  a - l e h u a  
( M y r t l e  f a m i l y )  
I t  i s  known t h a t  ' 5 h i 1 a  d i d  grow i n  mos t  o f  t h e  c o a s t a l  
l owland  a r e a s  o f  t h e  Hawai ian  I s l a n d s  p a r t i c u l a r l y  i n  more m e s i c  
s i t u a t i o n s .  T h e r e  a r e  p l a n t s  w i t h i n  100 m o f  t h e  c o a s t  a t  
Kamoamoa and Keapuki  i n  HAVO. S i n c e  a  s e e d  s o u r c e  i s  a v a i l a b l e  
t o  t h e  n o r t h  and n o r t h e a s t  o f  t h e  s u b j e c t  a r e a s ,  s e e d s  a r e  
p r o b a b l y  c o n s t a n t l y  r e a c h i n g  t h e  a r e a .  The i n l a n d  a r e a s  a t  
H a l a p s  and Keauhou p r o b a b l y  s u p p o r t e d  v e r y  s c a t t e r e d  communi t i e s  
o f  s c r u b  ' E h i ' a .  However, i t  i s  u n l i k e l y  t h a t  t h e  s e e d l i n g s  
would s u r v i v e  i n  t h e  a r e a  t o d a y  u n t i l  a  s u b s t a n t i a l  r e v e g e t a t i o n  
h a s  o c c u r  r e d .  A few s e e d l i n g s  m i g h t  s u r v i v e  i n  t h e  c r a c k  a t  
H a l a p z  and t h e  s c r e e  s l o p e  below P u ' u  Kapukapu. 
S o u r c e  : Kamoamoa. 
Morinda c i t r i f o l i a  L. 
-0Re6 famify) 
Noni 
Though present  a t  Apua Point and Keauhou, t h i s  Polynesian 
in t roduct ion  i s  apparent ly absent  a t  Halapg. I t  i s  not  known how 
na tu ra l  these populat ions a r e  because the re  a re  records of 
p lan t ings  i n  both areas .  I t  i s  doubtful  t h a t  plant ing of the 
spec ies  a t  Apua Point and Keauhou needs t o  be continued. 
Reintroduction a t  Halap5 is recommended. 
Source: ~ e a 7 h o u .  
Nastur t iu rn  sarmentosum ( D C .  ) Schinz & Guillaumin 
Pa' i h i  
(Mustard family) 
Dotv and Mueller-Dombois ( 1 9 6 6 )  r epor t  t h i s  spec ies  a s  
cardamin; sarmentosa from a  lava  tube a t  ~ea1akomo.- S t .  John 
(1973) notes  t h a t  th; spec ies  is a  ~ o l y n e s i a n  in t roduct ion .  I t s  
presence a t  Kealakomo is probably a  r e l i c  of the  Hawaiian 
occupation of the  area .  I t  i s  doubtful t h a t  the spec ies  can 
maintain i t s e l f  n a t u r a l l y  i n  the proposed management a reas .  
Therefore,  no pr-qation is recommended. 
Nephrolepis sp.  
( Fern) 
Boston f e r n  
T h i s  e x o t i c  f e rn  p resen t s  no s i g n i f i c a n t  environmental 
problems. No manaqement ac t ion  i s  recommended. 
Panicum max i m u m  Jacq. Guinea g r a s s  
(Grass family)  
T h i s  e x o t i c ,  bunch g r a s s  is present  a t  Keauhou. The robust  
na ture  of the  g r a s s  i s  a  source of some concern because i t  can 
smother o ther  spec ies .  A l l  p l a n t s  i n  the a rea  should be duq u~ 
because it is d i f f i c u l t  t o  uproot a l l  underground port ion j u s t  by 
pu l l ing  up the  p lan t .  
Panicum torridum Gaud. 
(Grass family)  
Kakonakona 
Thegenus  Panicum is well represented i n  the  Hawaiian 
Is lands  by 30 -c spec ies .  Many of these spec ies  a r e  
d i f f i c u l t  t o  d i s t i n g u i s h  even by accomplished b o t a n i s t s .  There 
i s ,  t h e r e f o r e ,  some confusion a s  t o  which spec ies  occurs  where. 
Doty and Mueller-Dombois ( 1 9 6 6 )  l i s t  Panicum xerophilum as  
quest ionably present  near Keauhou but P. torridum is  not  -on t h e i r  
l i s t .  S t .  John (1973) does not  l i s t  F. - xerophilum a s  p resen t  on 
Hawai' i . Degener (1933 e t  seq . )  notes  t h a t  P. torridum is 
confined to  Maui and Moloka' i y e t  Rock (1913) impTies t h a t  P. 
torridurn occurs on a l l  i s l ands  and S t .  John l i s t s  i t  a s  p resex t  
on a l l  major i s l a n d s  except Kaua'i .  Suf f i ce  i t  t o  say t h a t  the re  
is a  na t ive  spec ies  of Panicum present  i n  the  area  which needs 
f u r t h e r  study. Great caut ion  should be exercised before attempt- 
ing to  r e e s t a b l i s h  Panicum i n  the  a rea .  The recommendation i s  
t o  omit t h i s  spec ies  from the management program. However, if  
the  p l a n t  is  t o  be a c t i v e l y  managed seeds from p l a n t s  i n  immed- 
i a t e l y  adjacent  a reas  only should be used. 
Source: Immediately adjacent  a reas .  
Panicum xeroehilum (Hbd . )  Hitchc. 
Kakonakona 
(Grass family)  
See Panicum torridum. 
P a s s i f l o r a  e d u l i s  Sims L i l iko '  i 
(Passion f x w e r  family)  
Probably a  recent  in t roduct ion  a t  ~ a l a p e ,  t h i s  exo t i c  vine 
i s  a  p o t e n t i a l  problem. I t  could surv ive  i n  the  a rea  and maybe 
has been d e l i b e r a t e l y  propagated by v i s i t o r s .  However, i t  should 
be eliminateA because it can shade out  p l a n t s  beneath i t  and 
during the f r u i t i n g  season it could break the  boughs of i t s  h o s t .  
Cutting the  v ine  of f  a t  the  ground is i n s u f f i c i e n t  because they 
can resprout .  
P a s s i f l o r a  f o e t i d a  L. 
(Passion f l o i e r  family)  
S c a r l e t - f r u i t e d  passion f r u l t  
A common, e x o t i c  v ine  of roadsides and d is turbed  a reas  a t  
low e l e v a t i o n s  though inf requent  i n  the  Park. I t  i s  present  
i n  a l l  t h ree  a reas .  I t  should be el iminated whenever seen 
because i t  can smother small bushes, e t c .  
Pe eromia l e  tos tach  a  H .  & A. 
.+p'p* 
Listed i n  the  Park a s  ' f r equen t  and widespread' i n  Doty and 
Mueller-Dombois ( 1 9 6 6 )  , t h i s  herbaceous would be expected t o  
occur on the  t a l u s  s lope  behind Halapg. 
Source: Waha' u l u .  
Phoenix sp.  
(Palm family)  
Date palm 
Introduced exo t i c  a t  ~ a l a p e .  The s i n g l e  small t r e e  should 
be destroyed.  
Pluchea odorata  ( L . )  Cass. Shrubby f leabane 
(Sunflower family) 
T h i s  exo t i c  spec ies  is common i n  a l l  t h ree  a r e a s  a s  well a s  
i n  other  open t o  semi-open a reas  from sea l e v e l  t o  4 0 0 0  f e e t .  
The hardiness  and weedy na ture  of t h i s  spec ies  mer i t  fu r the r  
study because it may compete w i t h  n a t i v e  spec ies  for  the  
a v a i l a b l e  resources.  I n  planted a reas ,  the  shrubs should be 
uprooted during the i n i t i a l  s t ages  of the  program. 
Plumba o  ze anica L. 
-&aX?kTEm i l y  
T h i s  spec ies ,  a  na t ive  of a l l  i s l a n d s ,  grows among rocks i n  
a r i d  regions and o f t e n  near the  ocean. According to  Doty and 
Mueller-Dombois (1966) it i s  r a r e  i n  Hawaii Volcanoes National 
Park. I t  should be introduced throughout the  a reas  under discus-  
s ion  ex;-nies. 
Source: Kamoamoa 
Portulaca cyanosgerma Egler ' I h i  
(Purs lane  family)  
T h i s  endemic spec ies  i s  present  i n  a l l  three  a reas .  - No 
fu r the r  a c t i o n  i s  required.  
Portulaca o leracea  L. 
(Purs lane  family)  
Purslane 
This p r o s t r a t e ,  succulent ,  e x o t i c  annual herb is present  
i n  a l l  t h ree  a reas .  I t  is almost impossible t o  con t ro l  but 
- 
f o r t u n a t e l y  of l i t t l e  s ign i f i cance  or impact i n  the  c o a s t a l  
ecosystem. No manaqement i s  recommended. 
P r i t cha rd ia  a f f  i n i s  va r .  ha lophi la  Becc. 
Lo'ulu 
(Palm family) 
Lo'ulu has not  been recorded as  present  i n  the a reas  under 
cons idera t ion .  The type l o c a l i t y  for  the  above v a r i e t y  i s  Kala- 
pana a  few mi les  t o  the e a s t .  However, t h e r e  i s  evidence from 
t r e e  moulds t h a t  t h i s  spec ies  a l s o  occurred a t  Punalu'u. Since 
t h e  proposed management s i t e s  a r e  between these  two a reas  and of 
s imi la r  h a b i t a t  type,  it is reasonable t o  assume t h a t  l o ' u l u  
occured a l l  along t h i s  c o a s t l i n e  i n  favorable  a r e a s ,  e .g . ,  t he  
crack a t  HalapF. The Hawaiians used t h i s  palm q u i t e  ex tens ive ly  
and grew i t  c l o s e  to  t h e i r  dwell ings (Beccar i  & Rock 1 9 2 1 )  so the 
spec ies  was almost c e r t a i n l y  present  i n  t he  area .  I t s  c u r r e n t  
absence i s  more l i k e l y  the  r e s u l t  of the  h i s t o r i c a l  subsidences 
and associated t s u n a m i s .  I t  is suggested t h a t  a  few specimens 
be planted a t  Halapz and Keauhou. Seeds should be obtained from 
the  Kalapana a rea  and from a s  many d i f f e r e n t  t r e e s  a s  poss ib le .  
Source: Kalapana. 
Prosopis a l i d a  - (Humb. & Bonpl. ex w i l l d . )  H B K .  
Kiawe (Pea family)  
T h i s  e x o t i c  t r e e  is p resen t  a t  Keauhou and w i l l  form a closed 
canopy f o r e s t  i n  the  a rea  over the subterranean freshwater 
stream. I t  can be success fu l ly  con t ro l l ed  by a p p l i c a t i o n s  of 
2,4,5-T (2,4,5-trichlorophenoxyacetic a c i d )  (Simpson 1 9 7 7 ) .  I_ The 
few r e m a i n i n ~ t r e e s  should be el iminated.  
Rhynchelytrurn repe_ns ( W i l l d . )  C .  E .  Hubb. 
N a t a l  Redtop 
( G r a s s  f a m i l y )  
P r e s e n t  t h r o u g h o u t  t h e  c o a s t a l  l o w l a n d ,  t h i s  e x o t i c  g r a s s  is  
a  s i g n i f i c a n t  e l e m e n t  o f  t h e  v e g e t a t i o n  o f  a l l  t h r e e  a r e a s ,  
p a r t i c u l a r l y  a t  ~ a l a p E .  The re  i s  p r o b a b l y  no a c c e p t a b l e ,  
c o s t - e f f e c t i v e  method t o  c o n t r o l  t h i s  s p e c i e s .  ~t may b e  shaded  
Out a s  s h r u b s  and t r e e s  become e s t a b l i s h e d  i n  t h e  a r e a .  The 
s p e c i e s  s h o u l d  be removed i n  p l a n t e d  a r e a s  s o  t h a t  t h e  n a t i v e  
s p e c i e s  m v e  - a  head s t a r t .  
S c a e v o l a  t a c c a d a  ( G a e r t n . )  Roxb. Naupaka-kahakai  
(Naupaka kami ly )  
A l r e a d y  p r e s e n t  i n  a l l  t h r e e  a r e a s ,  no f u r t h e r  m a n 3 e m e n t  
a c t i o n  is r e q u i r e d .  
S e s b a n i a  s p .  
--a f a m i l y )  
S e s b a n i a  t omen tosa  was r e p o r t e d  from Apua P o i n t  by Doty and 
M u e l l e r - ~ o m b o i r  (1966  r. Accord ing  t o  a  p roposed  r e v i s i o n  o f  t h e  
g e n u s  by  Char ( p e r s .  comm.) , t h e r e  a r e  two d i f f e r e n t  endemic 
s p e c i e s  o f  t h e  g e n u s  a t  Apua P o i n t .  U n f o r t u n a t e l y ,  a  c l o s e  
r e l a t i v e  o f  t h e  s t r a n d - i n h a b i t i n g  s p e c i e s  from Sou th  p o i n t  h a s  
b e e n  p l a n t e d  i n  t h e  c o a s t a l  l owland  a r e a .  These  i n t r o d u c e d  
spec imens  s h o u l d  be  d e s t r o y e d .  NO f u r t h e r  p l a n t i n g  a c t i v i t y  
u s i n g  ' S h a i  s h o u l d  be  c o n d u c t e d  u n t i l  t h e  Sou th  P o i n t  p l a n t s  a r e  
removed. T h i s  recommendat ion i s  made i n  t h e  i n t e r e s t  o f  
p r e s e r v i n g  t h e  i n t e g r i t y  o f  t h e  g e n e  p o o l  o f  t h e  p l a n t s  n a t i v e  t o  
t h e  Pa rk .  I t  is a l s o  recommended t h a t  s e e d l i n g s  from t h e  Apua 
P o i n t  a r e a  t h a t  have  been  p l a n t e d  o u t  b e  d e s t r o y e d  b e c a u s e  t h e  
s eed  s o u r c e s  were c o n f u s e d .  
Sesuvium p o r t u l a c a s t r u m  ( L . )  L .  I Akul i k u l  i 
(Carpe tweed  f a m i l y )  
T h i s  n a t i v e  s p e c i e s  is  p r e s e n t  a t  Keauhou. With t i m e ,  t h e  
s p e c i e s  w i l l  p r o b a b l y  r e i n v a d e  b o t h  Apua P o i n t  and ~ a l a p g .  
The p r o c e s s  c o u l d  be  a c c e l e r a t e d  by b r o a d c a s t i n g  s e e d s  on  
sp ray -zone  r o c k s  i n  b o t h  a r e a s .  
Source :  Keauhou. 
S i d a  f a l l a x  Walp. 
- 7-w f a m i l y )  
' I1 ima 
A l r e a d y  p r e s e n t  i n  a l l  t h r e e  a r e a s  i n  s u f f i c i e n t  numbers ,  no 
f u r t h e r  management is n e c e s s a r y .  
Sonchus  o l e r a c e u s  L. Sow t h i s t l e ,  ~ u a l e l e  
7 6 a i s Y  GiiTy) 
a c t i o n .  
S p o r o b o l u s  d i a n d e r  
( G r a s s  f a m i l y )  
T h i s  p e r e n n i a l  
T h i s  a n n u a l ,  e x o t i c  weed is p r e s e n t  a t  ~ a l a p e .  I t  p o s e s  no 
t h r e a t  t o  t h e  ecosys t em and i s  n o t  recommended f o r m a n a g e m e n t  
( R e t z . )  Beauv. 
I n d i a n  d r o p s e e d  
b u n c h q r a s s  i s  p r e s e n t  a t  Keauhou. I t  p o s e s  
no t h r e a t  t o  t h e  ecosys t em and i s - n o t  recommended f o r  manaqement 
a c t i o n .  
S t a c h y t a r p h e t a  i a m a i c e n s i s  ( L . )  Vahl  
J a m a i c a  v e r v a i n  
( V e r v a i n  f a m i l y )  
8 T h i s  e x o t i c ,  a l m o s t  p e r e n n i a l  h e r b  is  p r e s e n t  a t  Keauhou. 
I t  c a n  become a  t r o u b l e s o m e  weed and s h o u l d  be  up roo ted  wherever  
e n c o u n t e r e d  i n  t h e  p l a n t e d  a r e a s .  
( L . )  P e r s .  ' Ahuhu 
Though a p p a r e n t l y  o n l y  p r e v i o u s l y  r e c o r d e d  from Ka' e n a ,  t h i s  
n a t i v e  legume a l m o s t  c e r t a i n l y  o c c u r r e d  i n  t h e  s u b j e c t  a r e a s  i n  
t h e  p a s t .  I t  i s  n a t i v e  t o  ' d r y ,  rocky  ... ground n e a r  s h o r e  o r  
f u r t h e r  i n l a n d  on a l l  i s l a n d s '  a c c o r d i n g  t o  Degener ( 1 9 3 3  e t  
s e q . ) .  I t s  c u r r e n t  a b s e n c e  from t h e  a r e a  mus t  b e  a t t r i b u t e d  t o  
c o n t i n u o u s  g r a z i n g  by g o a t s  r e s u l t i n g  i n  t h e  e x h a u s t i o n  o f  t h e  
s e e d  s t o c k .  
Source :  Waha' u l a  and Ka lapana .  
T h e s p e s i a  o  u l n e a  
- p G l h l Y )  
Milo 
T h i s  t r e e  i s  a  P o l y n e s i a n  i n t r o d u c t i o n  which h a s  been  
p l a n t e d  a t  Keauhou. I t  i s  recommended t h a t  s e e d s  be  b r o a d c a s t  i n  
t h e  s t r a n d  communi t i e s  a t  Halapg  and Apua p o i n t .  
Source :  Waha' u l a .  
Ve rnon ia  &?e re% ( L . )  Less. L i t t l e  i ronweed 
(Sunf lower  f a m i l y )  
Though p r e s e n t  i n  a l l  t h r e e  a r e a s ,  t h i s  a n n u a l ,  e x o t i c  weed 
w i l l  have l i t t l e  i m p a c t  i n  t h e  e c o s y s t e m .  No manaqement is  
recommended. 
Viqna  m a r i n a  (Burm.) Merr . 
( P e a  f a m i l y )  
Nanea 
The p r e s e n c e  o f  n a n e a  o r  beach  p e a  a t  Apua P o i n t  may b e  a  
new r e c o r d  f o r  Hawaii  V o l c a n o e s  N a t i o n a l  P a r k .  T h i s  i n d i g e n o u s  
s p e c i e s  w i l l  e v e n t u a l l y  become r e e s t a b l i s h e d  i n  much o f  t h e  
s t r a n d  community a l o n g  t h e  c o a s t .  ~t s h o u l d  be r e i n t r o d u c e d  t o  
HalapZ and Keauhou b y  b r o a d c a s t i n g  l i g h t l y  s c a r i f i e d  s e e d s  i n  t h e  
s t r a n d  communi t i e s .  
S o u r c e :  Apua P o i n t .  
Wal t h e r  i a  amer i c a n a  L. H i  ' a l o a  
( c o c o a  f a m i l y )  
A l r e a d y  p r e s e n t  i n  a l l  t h r e e  a r e a s  i n  s u b s t a n t i a l  numbers ,  
no f u r t h e r  manaqement i s  n e c e s s a r y .  
TABLE 1. The p e r c e n t a g e  c o v e r  i n  t h e  S c a e v o l a  t a c c a d a  s t r a n d  
community a t  Apua P o i n t .  
S p e c i e s  P e r c e n t a g e  Cover 
a o m o e a  b r a s i l i e n s i s  
~ a s s i f l o r a  f o e t i d a  
S e s b a n i a  s p .  
S c a e v o l a  t a c c a d a  
Vigna m a r i n a  
Wal ther  i a  amer i c a n a  
Sand 
L i t t e r  
Rock 
T h i s  60 m t r a n s e c t  was r e c e n t l y  e s t a b l i s h e d  by Mrs. L .  Cuddihy 
a s  p a r t  o f  t h e  m o n i t o r i n g  program s t u d y i n g  t h e  v e g e t a t i o n  
r e c o v e r y  a f t e r  g o a t  c o n t r o l .  
TABLE 2. The p e r c e n t a g e  c o v e r  o f  t h e  open  s c r u b  community on 
pahoehoe l a v a  w i t h  i n t e r s p e r s e d  a s h  d e p o s i t e s  a b o u t  
200 m e a s t  o f  t h e  Keauhou s h e l t e r .  
S p e c i e s  P e r c e n t a g e  Cover 
B u l b o s t y l i s  c a p i l l a r i s  
C a s s i a  l e s c h e n a u l  t i a n a  1 .6  
Chryso_pogon a c  i c u l a t u s  . 
E m i l i a  j a v a n i c a  0 .3  
I n d i g o f e r a  s u f  f r u t i c o s a  6 .0  
P a s s i f l o r a  f o e t i d a  
Rhynchelytrum r e p e n s  
Wal t h e r  i a  amer i c a n a  7 . 3  
Unknown g r a s s  0.3 
Rock 
L i t t e r  
Ash 
T h i s  60 m t r a n s e c t  and 20 x 20 m r e l e v e  were e s t a b l i s h e d  a t  
Keauhou by Mr. T. P. Parman a s  p a r t  o f  t h e  f i r e  e c o l o g y  
p r o j e c t .  
TABLE 3 .  The p r e s e n t  f l o r a  a t  Halapg compiled by Mrs. E .  Funk 
( 3 0  J u l  1978) and Mrs. L.  Cuddihy ( 2  Dec 1 9 7 8 ) .  
A s t e r i s k s  i n d i c a t e  t h a t  t h e  s p e c i e s  i s  e x o t i c .  Spec i e s  
in t roduced by t h e  Hawaiians a r e  considered indigenous 
f o r  t h e  purposes  of  t he  r e sou rce  management program. 
*Bidens i l o s a  
~ o e r h & l a  + 1 fu sa  
" B u l b o s t y l i s  c a p i l l a r i s  
*Caesal..inia bonduc 
*Cass ia  lesch-iana 
*Cenchrus e c h i n a t u s  
*?hlor is  sp .  
*=oqon a c i c u l a t u s  
Cocos n u c i f e r a  
* m l a r  i a  E r o n a t a  
*Cynodon d a c t y l o n  
z p e r u s  l a e v i g a t u s  
* ~ r a q r o s t i s  t e n e l l a  
* ~ u p h o r b i a  h i r t a  
-
Fimbr i s t y l  is pycnocephal a  
Hetero o on c o n t o r t u s  
*&, r y f a  
* I n d i  o f e r a  s u f f r u t i c o s a  
!ensis 
*Lantana carnara 
*Leucaena leucocepha la  
Lycium sandwicense 
- 
*Malvastrum coromandel ianum 
*Mel i l o tu s  sp .  
*Nephrolep& sp .  
* P a s s i f l o r a  edul  is 
*-flors m a  
*Pluchea odo ra t a  
P o r t u l a c a  -cyanosperma 
*Por tu l aca  o l e r a c e a  
*Rhynchelytrum repens 
* s i c i n u s  communis 
Scaevola  t accada  
Sesbania  sp .  
Sesuvium po r tu l acas t rum 
S ida  f a l l a x  
CCI 
*Sonchus o l e r a c e u s  
*Vernonia c i n e r e a  
Wal t h e r  i a  amer i cana  
TABLE 4 .  The present  f l o r a  a t  Keauhou compiled by Mrs. E .  F u n k .  
As ter i sks  i n d i c a t e  t h a t  the  spec ies  i s  exo t i c .  Species 
introduced by the  Hawaiians a r e  considered indigenous 
fo r  the purposes of the  resource management program. 
*Cassia leschenaul t i a n a  
*Chr so  o  on a c i c u l a t u s  
m e 7 5  - 
Cordia subcordata 
*Cro ta la r i a  mucronata 
*Dnodrn -d a'cf y l  on 
*Dactyloctenium a e g y p t i u m  
*Desmodih t r  iflorum 
*sitar i a  sangu ina l i s  
*Emilia j avanica 
* ~ r a g r o s t i s  t e n e l l a  
Fimbr i s t y l  is  p v c n o c e m  
Hetero o  on con to r tus  
* r u f a  
*Indi  o fe ra  s u f  f r u t i c o s a  
m a s i I  i e n s i s  
Jacquemontia sandwichensis 
*Lantana camara 
*Malvastrum coromandel ianum 
*Melilotus SD. . - - - - - - 
*%el in i s  minu t i f lo ra  
* ~ e s s e r s c h m i d i a  a rqentea  
Morinda c i t r i f o l i a -  
* ~ e p h r o l e p i s  sp.  
*Panicurn maximum 
~ a n i c u m  xero h i l u m  
-p-a- * ~ a s s i f l o r a  o e t i  a  
*Pluchea odorata 
Portulaca cyanosgerma 
**r t u l aca  o leracea  
*prosop& p a l l i d a  
Scaevola taccada 
Sesbania sp.  
Sesuvium eor  tulacastrum 
Sida f a l l a x  
* m o w d  iander 
*Stachytarpheta  janiaicensis 
*Vernonia c inerea  
~ a l  ther i a  amer icana 
TABLE 5. The p r e s e n t  f l o r a  a t  Apua Poin t  compiled by Mrs. E .  
Funk. A s t e r i s k s  i n d i c a t e  t h a t  t h e  s p e c i e s  i s  e x o t i c .  
Spec i e s  in t roduced by t h e  ~ a w a i i a n s  a r e  considered 
indigenous f o r  t h e  purposes  of t h e  r e sou rce  management 
program. 
* B u l b o s t y l i s  9 i l l a r  i s  Jacquemontia sandwichensis  
Canaval i a  sp .  
*Cass ia  l e schenau l  t i a n a  
*-us e c h i n a t u s  
Cocos n u c i f e r a  
-
* C r o t a l a r i a  mueronata 
*rynodon d& t y l o n  - - 
*Dactyloctenium a e g y p t i u m  
*Besmodium t r  i t lo rum 
*m i t a r  i a  sanguina l  is  
*Emilia j a v a n i c a  
Fimbr i s t y l  i s  p y c n o c e ~ h a l a  
Heteropoqon c o n t o r t u s  
*Ilyparrhenia - r u f a  
* Ind igo fe ra  s u f f r u t i c o s a  
Lpomoea b r a s i l  i e n s i s  
*Mel i l o tu s  sp .  
Morinda c i t r i f o l i a  
*Nephrolepis  sp .  
Scaevola  t accada  
Sesbania  sp .  
S i d a  f a l l a x  
-
*Vernonia ,c inerea  
- Viqna marlna 
Wal t h e r  i a  amer i cana  
TABLE 6 .  The percen tage  of e x o t i c  and n a t i v e  s p e c i e s  p r e s e n t l y  
growing i n  t h e  t h r e e  a r e a s  suggested f o r  p l a n t i n g .  
L o c a l i t y  Percen t  of  t o t a l  s p e c i e s  
Exot ic  Nat ive  
Spec i e s  number 
Keauhou 64 36 4 5 
Apua Poin t  55 4 5 31 
TABLE 7. P l a n t i n g  p r e s c r i p t i o n  f o r  t h e  r e s t o r a t i o n  o f  t h e  s t r a n d  and c o a s t a l  
v e g e t a t i o n  a t  ~ a l a p g ,  Keauhou,  a n d  Apua P o i n t  i n  H a w a i i  V o l c a n o e s  
N a t i o n a l  P a r k .  
~ a l a p z  Keauhou Apua 
S L F Z S L D S L  
r X B i d e n s  p i l o s a  no  a c t i o n  
r N B o e r h a v i a  d i f f u s a  B 
r X B u l b o s t y l i s  c a p i l l a r i s  no  a c t i o n  
K N C a e s a l g i n i a  major 
K N Canth ium odoraturn  
K E C a p p a r i s  s a n d w i c h i a n a  
v a r .  z o h a r y i  
r x Cassia  l e s c h e n a u l  t i a n a  
r N C a s s y t h a  f i l i f o r m i s  
r X C e n c h r u s  e c h i n a t u s  
r  x C h l o r i s  s p .  
r  X C h r y s o ~ o g o n  a c i c u l a t u s  
K N Cocos  n u c i f e r a  
-
K N C o r d i a  s u b c o r d a t a  
P20 P20 P10 P20 P20 P20 P20 
no  a c t i o n  
no a c t i o n  
no  a c t i o n  
n o  a c t i o n  
no a c t i o n  
no a c t i o n  
P10 
K X C r o t a l a r i a  mucronata 
r  E Cuscuta sandwichiana 
var .  sandwichiana 
r  X Cynodon dac ty lon  
r  N W e r u s  javanicus 
r  N Cyperus l a e v i q a t u s  
r  X Dactyloctenium a$gypt ium 
r  X Desmodium t r i f lo rum 
r  X % i t a r i a  sangu ina l i s  
r  N Doryopteris decora 
r  N Dryopter is  s e t i ~  
r  X Emilia javanica  
r  X E rauros t i s  t e n e l l a  
no ac t ion  
no ac t ion  
no ac t ion  
no a c t i o n  
no a c t i o n  
no ac t ion  
C C C C 
no ac t ion  
no ac t ion  
B B B 
no ac t ion  
no ac t ion  
-------------- 
K E Y  
B = broadcast  seeds i n  the  a rea  
C = des t roy  p l a n t s  i n  the  a rea  
D = depression a t  Keauhou 
E = endemic 
F = f i s s u r e  a t  Halap5 
K = long-lived spec ies  t h a t  
produce a  few, l a r g e  seeds 
L = l ava  flows 
N = indigenous 
S = s t rand a reas  
r  = shor t - l ived  spec ies  t h a t  
produce many, small seeds 
X = exo t i c  
Z = c l i f f  base a t  ~ a l a p e  

Melinis  minu t i f lo ra  
Messerschmidia argentea 
Metrosideros c o l l i n a  
var . polymorpha 
Mor inda c i t r  i f o l i a  
Nasturtium sarmentosum 
Nephrolepis sp.  
Panicum maximum 
Panicum torridum 
Panicum xerophilum , 
P a s s i f l o r a  edul is 
P a s s i f l o r a  f o e t i d a  
Peperomia lep tos tachya  
Phoenix sp .  
Pluchea odorata  
-------------- 
K E Y  
B = broadcast  seed i n  the  a rea  
C = des t roy  p l a n t s  i n  the  area  
D = depression a t  Keauhou 
E = endemic 
F = f i s s u r e  a t  ~ a l a p e  
K = long-lived spec ies  t h a t  
produce a  few, l a r g e  seeds 
C C 
L = l ava  
no ac t ion  
no a c t i o n  
C C 
see comments 
see  comments 
flows 
N = indigenous 
S = s t rand a reas  
r  = shor t - l ived  spec ies  t h a t  
produce many, small seeds 
X = e x o t i c  
Z = c l i f f  base a t  ~ a l a p g  
TABLE 7--Continued. 
~ a l a p s  Keauhou Apua 
S L F Z S L D S L 
r N Plumbago ~ l a n i c a  
r E Portulaca cyanosperma 
r X Por tu laca  o le racea  
K E Pr i t cha rd ia  a f f i n i s  
var . halophi la  
E X Prosopis  p a l l i d a  
r X Rhynchelytrum repens 
X Ricinus communis 
K N Scaevola taccada 
K E Sesbania sp. 
r N Sesuvium portulacastrum 
K N Sida f a l l a x  
-
r X Sonchus o leraceus  -
r X S ~ o r o b o l u s  diander  
r X Stachytarpheta  k m a i c e n s i s  
B B B B B 
no a c t i o n  
no a c t i o n  
C 
C 
no a c t i o n  
see  comments 
no ac t ion  
no ac t ion  
no ac t ion  
C 
5 M O E 5  l a )  
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